matosus (SLE)' (1, 2) . While numerous studies have demonstrated DNA-anti-DNA complexes in the circulation of SLE patients (3, 4) , the mechanism of formation, clearance, and tissue deposition of these complexes remains unknown. DNA itself was cleared rapidly from the circulation by digestion with circulating nucleases and by hepatic binding (5, 6, 7) . Immune complexes containing large DNA were cleared from circulation at the same rate and with the same distribution as DNA alone (8) . Studies by Harbeck et al. (9) suggested that DNase is able to digest DNA away from the DNA-anti-DNA complex, and can thereby release free antibody. With such efficient degradation and clearance of DNA, survival of large DNA-anti-DNA complexes in the circulation would be extremely short, and their deposition in tissues unlikely.
Liebling and Barnett (10) have shown that antibodies to DNA can compete with DNase for binding to single-stranded DNA (ss DNA), and that DNA antibody can therefore retard DNase digestion of ss DNA. Furthermore, studies in microbial systems have shown that certain DNA binding proteins are able to restrict the accessibility of DNA polymerases and nucleases to DNA, and thus can "protect" DNA from digestion (1 1, 12) . In this study, we examined the ability of DNase I to digest double-stranded DNA (ds DNA) bound to DNA antibody. We have demonstrated that a 35-45-base pair (bp) DNA fragment is protected from DNase digestion and remains bound to antibody, thereby forming a small, DNase resistant DNA-anti-DNA immune complex.
Methods
Preparation ofDNA. Calfthymus DNA (Worthington Biochemical Corp., Freehold, NJ) was dissolved in phosphate-buffered saline (PBS) (0.01 M phosphate, 0.15 M NaCl, pH 7.4) at 0.5 mg/ml, sonicated for 5 min, and passed over a Sepharose C14B column (Pharmacia Fine Chemicals, Piscataway, NJ). Fractions from the included peak were pooled, rechromatographed, and passed over a benzoylated naphthoylated DEAE cellulose column (13) . The 1.0 M NaCI eluate ds DNA was radiolabeled using T4 polymerase (Bethesda Research Laboratories, Bethesda, MD) to incorporate '25I-iododeoxycytdine triphosphate (Amersham Corp., Arlington Heigh"s, IL) (14) . DNA was dialyzed and ethanol was precipitated to remove triphosphates, yielding a final specific activity of 5-10 X 106 cpm/ g. Digestion ofthis DNA with SI nuclease showed <10% TCA solubility at 2 h, which confirmed that it was >90% double stranded. Analysis of the DNA on polyacrylamide gel electrophoresis (PAGE, see below) showed a mean size of 350 bp with a range of 250-400 bp. DNA molecular weight standards were obtained by end labeling a Hpa II digest of pBR322 DNA (Bethesda Research Laboratories) with 12I-iododeoxycytdine triphosphates using T4 polymerase.
Preparation of JgG. Sera from 20 patients with classical SLE and with high DNA binding were precipitated in 50% saturated ammonium sulphate (SAS). The pellets were resuspended and dialyzed into borate buffer (0.1 M borate, 0. 15 M NaCl, pH 8.0), applied to a staphylococcal protein A (SPA) column (Pharmacia Fine Chemicals), and, after thorough washing, IgG was eluted with 1.0 M acetic acid. After dialysis into PBS, this IgG migrated as a single band on PAGE and maintained its high DNA binding.
F(ab32 fragments were obtained by pepsin digestion of IgG at pH 4.2 for 16 h at 230C (15) . Intact IgG was removed by passage over a SPA column and amino acids and pFc' were removed by gel filtration over Sephadex G50 (Pharmacia Fine Chemicals). Fab' fragments were obtained by reduction and alkylation of F(ab')2 using 4.5 mM dithiothreitol for 20 min followed by 9 mM iodoacetamide for I h (15) .
Analysis of the F(ab32 and Fab' fragments in a neutral PAGE system showed no intact IgG in either preparation, and it confirmed the reduction and alkylation of Fab'.
Measurement of DNA binding. DNA binding was measured using a modified Farr assay as previously described (16 Characterization of digested DNA. For electrophoretic analysis, DNase digestion of immune complexes was terminated with 10 X Trisborate EDTA buffer to yield a final concentration of 0.1 M Tris, 0.1 M borate, and 10 mM EDTA, pH 8.0. The digested immune complexes were immediately applied to an SPA column; DNA not bound to IgG emerged in the fall through peak, while DNA remaining bound to IgG adsorbed to the SPA column and was eluted with 1.0 M acetic acid. The fall through (free DNA) and acetic acid eluate (IgG-bound DNA) were extensively phenol extracted to remove protein, and phenol was removed by ether extraction. Phenol-extracted DNA samples were analyzed on 8% polyacrylamide disc or slab gels using a radiolabeled Hpa II digest of pBR322 DNA (Bethesda Research Laboratories) as molecular weight standards. Disc gels were cut into 1-mm slices, counted in a gamma counter, and plotted as cpm in each slice vs. distance migrated. Slab gels were dried onto filter paper and autoradiographed using Cronex Fig. I could not be accounted for by DNA breakdown products binding to anti-DNA. To distinguish between the remaining two possibilities, immune complexes were formed (70% Farr binding, 10% protection), digested as above, and the DNA that remained bound to IgG after digestion (bound DNA) was separated from the DNA released from IgG (free DNA) by passage over a SPA column. Greater than 90% of the acetate eluted DNA was SAS precipitable, which confirmed that it was bound to IgG, whereas the SPA column fall through DNA was <5% SAS precipitable. Each of these DNA preparations was phenol extracted, and removal of IgG was monitored by SAS precipitation. After phenol extraction, <5% of both preparations were precipitable in SAS, which indicated that IgG had been completely removed. Fig. 2 shows the electrophoretic analysis of these two DNA preparations on a polyacrylamide disc gel (Fig. 2 A) and on a slab gel (Fig. 2 B) . The DNA not bound to IgG after DNase digestion had been degraded to oligonucleotides < 15 bp in length (Fig. 2 B, lane 3) . This breakdown product was the same size as that which was produced by DNase digestion of DNA alone or of DNA incubated with CF II. In contrast, the DNA that remained bound to IgG during DNase digestion was 35-45 bp in length (Fig. 2 B, lane 2) . The size of this protected DNA fragment was the same for all protecting antibodies tested. To exclude a gel artifact, the size of both DNA preparations was tested by TCA precipitation before electrophoresis (after phenol extraction). The free DNA was 20% TCA precipitable, whereas the bound DNA was >95% precipitable. This confirmed that the IgG-bound DNA was larger than the free DNA. To exclude the possibility that the IgG bound DNA was contained in a subset of immune complexes that were simply not available to DNase, i.e., due to precipitation of complexes or due to insufficient DNase DNA with varying amounts of F(ab)2 and Fab' from the IgG isolated from patient A. Both Fab' and F(ab')2 were equally effective in binding DNA as measured in an immunoprecipitation assay. Despite equivalent binding, however, increasing amounts of F(ab')2 protected increasing amounts of DNA, but Fab' was without effect (Fig. 3) .
Discussion
In this study we have shown that IgG antibodies to DNA can be divided into two groups, based on their ability to protect (10, 18) , and therefore slow DNase digestion of ss DNA. In contrast to the experiments of Liebling and Barnett, we used ds DNA, and allowed DNA-anti-DNA complexes to form in vitro before DNase digestion. As increasing amounts of DNA were bound by protecting antibody, as measured in the Farr assay, increasing amounts of DNA were protected from DNase digestion (Fig. 1) (Fig. 2) , but could also be independently calculated from the data shown in Fig. 1, as 4 ). It should be noted that if x is small, as a result either of large starting DNA or of a small protected fragment, DNA protection will be difficult to detect. This is the reason why we used small molecular weight DNA (350 bp) as our starting preparation.
If we compare the measured data in Fig. 1 with the curves in Fig. 4 
